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Abstract 
Selecting the variety of QingTian 2, the effects of plant growth regulator S-Y(PGR-S-Y) on diurnal changes in 
photosynthetic parameters and yield of Stevia rebaudina  Bertoni were studied in the open field. The results indicated 
that the appropriate concentration of PGR-S-Y (T2) significantly increased the SPAD, the utilization rate of CO2 and 
the Photosynthetic rate (Pn) respectively, and restricted the midday depression. The effect on the vegetative growth 
stage was not significant. It significantly increased the fresh leaf weight, the dry leaf weight and the stevioside 
content in T2 than CK by 10.24%, 11.09% and 4.74% respectivly. But when the PGR-S-Y content was over high 
(T3), the utilization rate of CO2, the photosynthetic rate (Pn) and photosynthate decreased. At the same time, the 
vegetative growth stage shortened seriously, the yield and the stevioside content decreased significantly. 
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1. Introduction 
Recently, as the increasing requirement of healthy diet, the further studies of components of 
Stevioside and its pharmacological effects [1-2], the demanded quantity of Stevioside is rising. The Stevia 
rebandina Bertoni has been introduced and cultivated all over the world and the area of Stevia rebandina 
Bertoni cult ivation is growing, The research reports are becoming more and more, but these main ly 
concentrate on  the morpholog ic descript ion o f new variet ies[3], the b reed ing  technolog ies, the t issue 
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extracting methods of stevioside[5-6], the function testing of different proteins, chromosome and genes[7-
9] and its habits of growth[10]. As the development of science and technology and the improvement of 
agricultural productive technology, using the plant growth regulators to regulate the growth and 
development has become an important measure in the agricu ltural cult ivation [11-12]. But the studying 
about the effects of plant growth regulators on Stevia rebandina Bertoni is still lack, and the present wok 
in this study was to research the effects of plant growth regulator S-Y(PGR-S-Y) on diurnal changes in 
photosynthetic parameters and yield of Stevia rebaudiana Bertoni in Chinese region. 
2. Materials and methods  
The study was carried out in field experimental plot of Qingdao Agricultural University, in Shandong 
Province, located in Chengyang District, Qingdao City  (36° 15′N, 120°20’ E). The experimental plot 
belongs to temperate and monsoonal climate. The annual mean temperature is 12.6ć and the average 
frost-free date is 179 days over the past years. The soil at  the experimental site is loam texture and the 
plow soil layer of 0-20cm contains 1.35% of total organic matter, 0.09% of total n itrogen, 105.42 mg· kg-
1 of available nitrogen, 24.58 mg·kg-1 of available phosphate and 85.72 mg·kg-1 of available potassium. 
The variety of Stevia rebaudiana Bertoni was No.1.The PGR-S-Y was mixed in  the Dryland 
Technology key laboratory of Shandong Province in  Qingdao Agricultural University and was sprayed it. 
There are 4 treatments in this study with three replications --Control (CK, sweet water), Treatment1 (T1, 
50 mg/L), Treatment2 (T2, 100 mg/L) and Treatment3 (T3,200 mg/L). All plots were randomly arranged, 
and the area of the plot was 20m2 with 3kg compound fertilizer (N:P:K=15%:15%:20%) applied. The 
Stevia rebaudiana Bertoni was treated with the PGR-S-Y in May 18th, 2009 and June 3rd, 2009. The 
photosynthetic parameters and the SPAD of chlorophyll were measured in the June 24th, 2009. The 
Stevia rebaudiana Bertoni was harvested in the in itial flowering stage, and then the yield index was 
measured. 
The photosynthetic parameters of leaves in Stevia rebaudiana Bertoni were measured with LI-6400 
portable photosynthesis system (LI-COR Biosciences, US), under the condition of open gas road, and the 
concentration of CO2 was about 365 μmol/mol, Five plants were measured repetitively and three healthy 
functional leaves were randomly selected to measure experiment parameters per hour from 6:00 to 18:00 
at the same position then got the average as the final result of each  time. A ll the measurement parameters 
were net photosynthetic rate(Pn, μmol CO2· m-2·s-1),transpiration rate/(Tr, mmol H2O· m-2·s-1), leaf  to 
air vapor pressure deficient/(Vpd, kPa), leaf temperature/(Tleaf, ć ), photosynthetically act ive 
radiation/(PAR, μmol·mol-1),intercellular CO2 content/(Ci, μmol·mol-1), air CO2 content/(Ca, 
μmol·mol-1), stomatal conductance/(Cs, mmolH2O· m-2·s-1), air relative humidity/(RH, %).  In  this study, 
we analyzed the meaningful parameters including Pn, Gr and Ci. Measured chlorophyll concentration 
with SPAD502 (Top Instrument Company Zhejiang, China). 
The leaves and stems were separated from the Stevia rebaudiana Bertoni in all treatments after harvest 
in the init ial flowering stage. After measuring the fresh leaf weight, the fresh leaves were deactivated the 
enzymes at 105ć and dried at 50ć . Following which, the dry leaf weight was  measured. The stevioside 
was extracted with the hot-water.  
All the data was analyzed with EXCEL and DPS. 
3. 3 Results and analysis 
3.1. The effect of PGR-S-Y on SPAD of chlorophyll in Stevia rebaudiana Bertoni leaves 
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The effect of PGR-S-Y on the SPAD of chlorophyll in  Stevia rebaudiana Bertoni was showed in the 
Fig.1. The tendency of SPAD was T2>T1>CK≥T3 overall, the SPAD of Stevia rebaudiana Bertoni in T2 
was 6.28% h igher than that in CK, and it was 2.81% h igher in  T2 than that in CK, those were both 
significant, but the diversity of the SPAD of chlorophyll between T1 and T2 were not significant, and 
there was no significant difference between T 3 and CK.  It indicated that the proper concentration of 
PGR-S-Y(T2,T1) could improve SPAD of chlorophyll in Stevia rebaudiana Bertoni ,and when the 
concentration was too high (T3). The effect of PGR-S-Y on the SPAD of ch lorophyll in  Stevia 
rebaudiana was not significant. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
3.2. The effect of PGR-S-Y on Pn in Stevia rebaudiana Bertoni 
The diurnal changes of Pn  in  Stevia rebaudiana Bertoni was presented in Fig.2, it was lower in the 
morn ing and in the evening, but higher at about 12:00 pm,.It showed double peak obviously, indicated 
that the Stevia rebaudiana Bertoni had significant phenomenon of the midday depression of 
photosynthesis.  
The change of Pn in this study was T2 >T1>Ck>T3, indicated that the Pn increased as the rising of 
concentration of PGR-S-Y in the appropriate range (T1, T2), the too high concentration would decrease 
the Pn(T3). As well, adequate concentration of PGP-S-Y could relief the extent of the midday depression 
of photosynthesis . It indicated the adequate concentration of PGP-S-Y could defer the reduction of Pn in 
the adverse environment. It was worth exploring the cu ltivation measures, with which  the  Midday 
Depression of Photosynthesis  would be alleviated to get more photosynthate for the emerging sugar-
yielding crops. 
3.3. The effect of PGR-S-Y on Gs in Stevia rebaudiana Bertoni 
The Fig.3 represented that the diurnal change of the Gs was a double-peak trend. The peaks appeared 
about at 12:00am and 16:00pm respectively, and the former was higher than the latter. The diu rnal change 
in Gs indicated that Gs became higher and higher in the morn ing as the increase of the temperature and 
solar radiation, and Gs reduced as the decrease of relative humidity in the field  after midday. The 
reduction of the Gs would cause the plants of the Stevia rebaudiana Bertoni to decrease the temperature 
and to reduce the transpiration in vivo.  
In the proper range, the Gs enhanced with the increase of the concentration of the PGR-S-Y(T1,T2), 
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Fig. 1 The SPAD of chlorophyll in different treatment Fig.2 Diurnal changes of net photosynthetic rate(Pn) 
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and weakened when the concentration was over high(T 3). Some relat ive researches indicated that the 
potassiumion was the main reason to adjust the opening and closing of the stomatas in the leaf, so the 
appropriate application of the PGR-S-Y could promote Stevia rebaudiana Bertoni to absorb and balance 
the nutrient elements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4. The effect of PGR-S-Y on Ci in Stevia rebaudiana Bertoni 
The diurnal changes of Ci showed a single-peak curve in all treatments, and the tendency was opposite 
to that in Pn (Fig.4). The Ci was h igher in the morn ing and in  the evening, and the Ci was at its bottom at 
about 12:00 pm, became increasing after the noon and went back to its bottom again. It also meant that the 
Ci increased as "midday depression photosynthesis " occurred at noon. It  ind icated that the time of the 
double troughs was corresponded to the time of the double peaks of Pn  and Gs. The Ci decreased because 
more CO2 was fixated by the chloroplast to produce Carbohydrate when photosynthetic rate (Pn) was at a  
high level.  
The different concentration of PGR-S-Y has significant effect on the utilization ratio of CO2 in Stevia 
rebaudiana Bertoni, and there was positive correlation between the concentration of PGR-S-Y in proper 
range and the utilization ratio of CO2, it was highest in the treatment of T2, and was conspicuously higher 
than that in other treatments. But when the concentration was over high, the utilization ratio of CO2 
significantly decreased (T3). 
3.5. The effect of PGR-S-Y on the yield of the Stivia rebaudiana Bertoni  
As the Table.1 showed, the florescence of Stivia rebaudiana Bertoni advanced and the vegetative 
growth stage shortened seriously in T3, and it was not significant in other treatments. The leaf fresh weigh, 
leaf dry  weight and the yield and the stevioside content were 10.24%,11.09% and 4.74% higher in T2 than 
that in CK respectively, and the increase reached extremely significant level, The leaf fresh weigh, leaf 
dry weight, the yield and the stevioside content in T1 were significantly h igher than that in CK. But the 
leaf fresh weigh, leaf dry weight, the yield and the stevioside content of T3 were 67.63%,84.76% and 
6.77% lower than that in CK respectively. It indicated that there was no change at the vegetative growth 
stage.The leaf fresh weigh, leaf dry weight, the y ield  and the stevioside content were significantly 
increased as the increasing of the concentration of PGR-S-Y in appropriate range (T1, T2). But when the 
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Fig.3 The diurnal changes of stomatal conductance (GS) Fig.4 The diurnalchanges of intercellular CO2 content (Ci) 
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concentration was too high, the vegetative growth stage, the yield and the stevioside content decreased 
seriously (T3). 
Table.1 The vegetative growth stage, yield and stevioside contention 
4. Discussion and conclusion 
Previous studies on the photosynthesis of crops indicated that the yield of the crops depended mainly on  
the photosynthetic area, the photosynthetic rate, the photosynthetic time and the distribution and 
translation of the photosynthates. It was a law there was positive correlat ion not negative correlat ion 
between the photosynthetic rate and the crop yield, but the law performed only on the condition that other 
excellent physiological function and economic characters combined  with various stress resistance [13]. In  
this study, the improvement of yield and stevioside content in T2 was significant, because the vegetative 
growth stage was enough long and the Pn in  T2 was the highest of all treatments. The results in this study 
coincided with the former studies. 
The appropriate applicat ion of the PGR-S-Y could promote to absorb and balance the nutrient elements 
in Stivia rebaudiana Bertoni, raise the Gr, prov ide enough conditions and materials for the photosynthesis, 
improve the photosynthates, and provide material condition for improving the yield. And proper 
erogenous supplement of PGR-S-Y decreased the endogenous synthesis of PGR-S-Y in the leaves, and 
made the joint b iosynthesis precursor (Geranylgeranyl Pyrophosphate GGPP) of S-Y, chlorophyll and 
stevioside more [14-15], so it could improve the content of chlorophyll, provide more essential condition 
for photosynthesis. At the same time, it  could promote the synthesis of the stevioside, increase the content 
of stevioside in the plant.  
The results in this study indicated that the appropriate treatment of PGR-S-Y (T2) increased the SPAD 
significantly, the ultilizat ion rate of CO2 and the Photosynthetic rate, and alleviated the midday 
depression. It had no effect on the vegetative growth stage, and it significantly  increased the yield and the 
stevioside content for 11.09% and 4.74% respectively than CK. But when the PGR-S-Y content was too 
high(T3), it decreased the ultilization rate of CO2,the Photosynthetic rate, and photosynthate.At the same 
time, the vegetative growth stage shortened seriously, also the yield and the stevioside content decreased 
significantly. So this study could provided the technical guidance for the cultivation of  Stivia rebaudiana 
Bertoni.. 
Reference 
[1].Jeppesen P. B. Stevioside induces antihyperglycaemic, insulinotropic and glucagonostatic effects in vivo: studies in the 
diabetic Goto-Kakizaki (GK) rats. Phytomedicine, 2002,9(1):9-14 
 
Treatment  
Vegetative 
Growth Stage(d) 
Leaf Fresh 
Weight(g/plant) 
Leaf Dry 
Weight˄g/plant˅ 
Leaf Dry Weight  
(kg/666.67m2) 
Stevioside 
Content˄%  ˅
CK 79 142.12cB 28.49cB 170.94 12.46cB 
T1 78 148.23bB 29.84bB 179.04 12.76bAB 
T2 79 156.67aA 31.65aA 189.90 12.93aA 
T3 61 84.78dC 15.42dD 92.52 11.67dC 
434  Guangxi Ren et al. / Energy Procedia 5 (2011) 429–434
 [2].Ren Guangxi, Liu Xiangyang, Shi Yan, The Effects of Steviol Glycosides Blending Liquid on Seeding Growth and 
Development in Upland Riceˈ Journal of Plant Sciences  ˈ2009ˈ4˄2˅˖43-48 (in Chinese) 
[3].Akiko Soejima, Tetsukazu Yahara, Kuniaki Watanabe. Thirteen new species and two new combinations of Stevia 
(Asteraceae: Eupatorieae) from Mexico, Brittonia, 2001, 53(30): 377-395. 
[4].C.M.Ferreira and Walter Handro: Production, maintenance and Plant regeneration from cell suspension cultures of Stevia 
rebaudiana(Bert.) Bertoni. Plant Cell Reports 1988,7: 123-126 
[5].Liu Zonglin,Peng Yijiao, Guo Yang, Xue Song.The Study of Extraction and Crystallization Process on Stevioside. Food 
Science, 2002, 23(8): 99-100 (in Chinese) 
[6].Zhao Yongliang, Han Xiao, Liu Jingbin, Xie Yinzhi. Research of Using Membrane Separation Technology to Extract and 
Separate Steviosides. Chemistry and Bioengineering, 2010,27(1): 84-85  (in Chinese) 
[7].J.E.Brandle,A.Richman,A.K.Swanson and B.P.Chapman.Leaf ESTs from Stevia rebaudiana:a resource for gene discovery in 
diterpene synthesis. Plant Molecular Biology 2002,50: 613-622 
[8].Guo Shuqiao, Yang YUwen Ni Wanchao.Cloning and Bioinformatic Analysis of Glucosyltransferase Gene UGT76G2 from 
Stevia rebaudian.Genomics and Applied Biology,2009,28(3):422-428  (in Chinese) 
[9]. Ma Lei, Shi Yan,Identification of Stevia rebaudiana Bertoni proteins by SDS-PAGE, Asian Journal of Crop Science, 
2009,1(1):63-65 (in Chinese) 
[10].Lv Chengguo, Ma Lei, Shi Yan, Study on the Diurnal Changes of Net Photosynthetic Rate and the Impact  Factors of Stevia 
rebaudiana Bertoni in AutumnˈAmerican Journal of Plant Physiology  ˈ2009,4(1):18-23 (in Chinese) 
[11].D.M.Oosterhuis and D.Zhao. Increasing root length and branching in cotton by soil application of the plant growth 
regulator PGR-IV.Plant and Soil.1994,167(1):51-56  
[12].Ma Ni, Liu Dan, Zhang Chunlei, Li Jun and Li Guangming. Regulation Effects of Exogenous Hormones on Growth and 
Phtosynthesis and yild of Rapeseed(Brassica napus L.)after Prozen.Acta Agronomica Sinica, 2009,35 (7):1336-1343  (in Chinese) 
[13].Xu Daquan, Shen Yungang. The Research Progress of Crop High-Yield and High-Efficiency. Bei Jing : Science Press, 
1996:17-23  (in Chinese) 
[14].Shi Yanjing, Sha Guangli, Su Huairui. Research Advances in Gibberellins Biosynthesis and Its Molecular Mechanism. Acta 
Botanica Boreali-Occidentalia Sinica, 2006, 26(7): 1482-1589 (in Chinese) 
[15].Wang Jingxiang, Li Ling, Pan Ruizhi. Gibberellin Biosynthesis and Its Regulation in Higher Plants. Plant Physiology 
Communications, 2002, 38(1): 1-8  (in Chinese) 
